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ABSTRACT

The low salinity water produced by continental river discharge or the heavy
precipitation has been investigated so far in oceanographic research area as a specific
phenomenon. However, the acoustic research in low-salinity water near the Jeju Island has
not been studied yet. Therefore the influence of low salinity water on the acoustic
propagation is investigated in this thesis. The average sound speed of low salinity
environment in the surface was decreased 5.56mv/s from the averaged sound speed of normal
salinity environment and its positive gradient was down to 5.1m depth, from the analysis of
the data measured by KODC (Korea Oceanographic Data Center) on three sites (313-07, 313-
08, 314-10) of western Sea of Jeju Island in August for 30 years (1980~2009). The acoustic
propagation was simulated by a Ray Model (Bellhop algorithm) and the surface sound
channel (SSC) was formed in the averaged low salinity environment. In order to find the
condition for SSC in the low salinity water, the Temperature-Salinity (T-S) gradient diagram
was introduced. There was no direct link between the SSC and the low salinity water itself,
but the SSC could be formed by the relation with the gradient of temperature and salinity
profile, which was easily shown in the T-S gradient diagram. The low frequency cut-off was
calculated to 8.23kHz for the averaged low salinity environment and 2.54kHz for the case of
August in 1996 whose salinity on surface was lowest in 30 years, from the study of source
frequency on acoustic propagation in SSC. The acoustic propagation by spatial distribution
of low salinity water was calculated using RAM (Range dependent Acoustic Model) with the
temperature and salinity data of western sea of Jeju Island measured in August of 2010 by
NFRDI (National Fisheries Research and Development Institute). The variation of sound
propagation by the diurnal variation of temperature and the low salinity water were compared using
in-situ data acquired at the two sites in the southern sea of Jeju Island every hour for 26 hours from
Jul. 27" in 2011. The acoustic propagation was more affected by the temperature diurnal
variation than the low salinity water when the source was located near thermo-cline, but
more affected by the low salinity water than the temperature diurnal variation when the
source was located near the surface. These results may be used to further studies of the
effects of the low-salinity water on the acoustic propagation and its applications such as

sonar performance and underwater communications.
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Fig. 2.1. Horizontal distribution of salinity (psu) at the surface in Aug. 1981[13]. The low

salinity water flowing toward the Jeju island is shown.
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Fig. 2.2. A horizontal map of salinity at 10m depth in Aug. 2003 using data from the KODC
(Korea Oceanographic Data Center)[16]. The low salinity eddy is located in the southwest

sea of Jeju Island.
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Fig. 2.3. Data acquisition sites for analysis and sound propagation modeling. Three sites
from KODC (Korea Oceanographic Data Center) online service are marked with triangles(A:
313-08, B: 313-07, C: 314-10) and 20 sites from NFRDI (National Fisheries Research and

Development Institute) are marked with circles.

Fig. 2.4. Location of data acquisition sites (by NFRDI in Aug 1, 2010). 20 sites in western
sea of the Jeju-Island were selected. The gray contour means salinity distribution on the

surface in the area.
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Fig. 3.1. Sound speed in the ocean at 10m depth where temperature and salinity are changed

from 10 to 20 (°C) and from 25 to 35 (psu) respectively
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Fig. 3.2. Salinity in August for 30 years (from 1980 to 2009) at three sites provided by
KODC online service(top: site A, middle: site B, bottom: site C in Fig.2.3). Very low
salinity water was detected in 1989, 1996, 2003, 2004 and 2006(marked with star)
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Fig. 3.3. (a) and (b): Temperature and salinity profiles respectively for 30 years at 314-10
provided by KODC online service, (c): Temperature profile (solid line: mean data for 30
years, dashed line: standard deviation), (d) Salinity profiles (solid line: mean salinity data for
low salinity environment (1989, 1996, 2003, 2004, 2006), dashed: mean salinity data for

normal salinity of other years, dotted line and dash-dot line: standard deviation)
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Fig. 3.4. SSPs (Sound Speed Profiles) (solid line: SSP of averaged low salinity environment,

dash-dot and dashed line: SSP standard deviation of averaged normal salinity environment)
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Fig. 3.5. SSPs(Sound Speed Profiles) from surface to 20m depth (solid line: SSP of averaged

low salinity environment, dash-dot line: SSP of averaged normal salinity environment)
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Fig. 3.6. Temperature profiles (solid line: temperature on Aug. 5", 1996, dashed and dotted
lines: mean and standard deviation of temperature profile with normal salinity data,

respectively)
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Fig. 3.7. Salinity profiles (solid line: salinity profile on Aug. 5", 1996, dash-dot line: mean
salinity profile of low salinity environment, dashed and dotted lines: mean and standard

deviation of salinity profile with normal salinity data, respectively)
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Fig. 3.8. SSPs(Sound Speed Profiles) (solid line: SSP on Aug. 5™, 1996, dash-dot line: mean

SSP of normal salinity environment, dashed and dotted lines: mean and standard deviation of

SSP with normal salinity data, respectively)

20

Collection @ jeju



A 3%

g

el

B
g

—

7} 1996

<
Al 3}

g

—

Al s dolnE

w
&

o] of

iR
=1

Hg oM A=

ﬁo
B

;OU

o7
Ay

u

Ay
!

=n

ojn

S
=

ol

222

ot

AFH AEdolds F

s

9
7h3-A1eH

¥ 57

=
Fole

J|

Ak
=

ha

St Bellhop

°o]-&
4= Fig3.9 o etk Al

(Gaussian beam)=

=1}
=

O —
gAY mdz:

o

B
—
o

o

o1g
Fe ok som ol Agle] et &3} o] W

S
=

1[26]

—~

s

e

el

1=

A

e A

J|

Bo
o}
KR
%o

i
A

=]
Zl?:

PN
=T

e A MY S

oy

ilf

ol
i

T
,.__AO
B

o
3

AR7]el= SAZE e P =

oy

B

o

4 2]

d|

of wet ¥ o4 Wk

s

o]

i
ol

(20m) 181

M
i
é
ol
o}
e

3

g

21

Collection @ jeju



A 3%

0 | 1490 1510 1530(m/s) 1490 1510 1530(m/s) 1490 1510 1530(m/s) T

-
1 I i

[P [#0

fr 4 410
[

[

, =2=:1650m/s

Fig. 3.9. Diagram of underwater environment for acoustic propagation model. Range
independent environment is considered. Depth and range are 80m and 2km respectively. A

source is located at 3m, 20m, and 40m depth.

UM At 2o A FHARDE o)&d SIHES RO Ay
e 2o a3l AREAS fEll 549 A= 710 7 Al el A
1" 402 AAsqch WA S0 ZSHFICmel U ASE Aund,
AAEF7E BASA e A i SE5TARE FAHAME AkE BE
A TH(Fig.3.10(a),(b)). WH4,
A&7 B A9 Hd S5FHAEE S E ADdET7E EAEHA

Al vl ZFHEZAA =dol 2w ¥ s AL FHoE
T

22 H7 23 wIINT wate

S
£
o
ol
ol
TQIL
il
2
ol
ol
£
o,
2
1)
|o
il
ofk
ol
ol
rir
N
o
ke
w

22

Collection @ jeju



A 3%
7+ 7]

=

=

7171

o2 g

5ol

=

L

A

=

R

B

v A s

1 t}(Fig.3.10(e),(f). ©]

w2l

o

glo]

EeR
=]

3

0
o

F71R] &2

=

"hx

dvke}

mw

Njo
j2s

d

A Th(Fig.3.11(c),(d)). 1Y EZTHFo] o}

ool
Hh

10m ©]uf 2]

10]2}7]

|

o
R4

o] A-%9 =2

Al
™

stele A=
PN
T

=4

T

<

5

1996 2]

¢

o]

(AR

°©

oz Blth

g

A= o)1-
o
T2

R

17

X
A4

e v

%

v E,

e

1A

Fek(40m)ell

d|

2ok

e

-

R

14 =t

A

e vl

%

% 9l th(Fig.3.12).

of
A
i

3} )| € (Surface

[e)

=

°f

1T}

PR

(e}

e

Aths dE&5
23

(e}

e %

[¢]

Collection @ jeju

Sound Channel)©|



A 3%

-

7 Vil
40 Q\ \ ‘;.V A WA ARV X
2
\ A N A\
i "'0>~(0,(0)\0/\’/'¢‘.\w\~//m

Depth(m)
()

/
\‘

VAT,

Depth(m)

°f 3’\\;6;6;0;'0’(’6‘?(%‘-}1:7&3 O
10 | R v’Q'\ ""{"‘
KRR

VANl il

il

X0 \

) 0’“ ‘\

RN

of \ “’o,;;'fo‘/‘; ' o;,";;:‘.-ﬁ ’\"
\ "":///\\\\\o \ ’M“}W“x
9 ' W

O »ojf}%‘;e:
‘l"b:? \ ’l;;"'/:.s KA
‘Q Al " ’ ..
A A
s //‘Q‘ /\\\\ ‘,
VA it

KX \ R
ARV
G
‘fo}fsj
RO

Range(km)

AR A
' "‘%‘W’g‘/"@
A

i
AN

Depth(m)

I

’0&?"00"&

(0
WK
M‘t‘o‘o

Depth(m)

Depth(m)

Depth(m)

Fig. 3.10. Acoustic propagation results for source depth 3m. (a) and (b) are ray tracing and

transmission loss respectively for mean normal salinity environment, (c) and (d) are for

mean low salinity environment, (e) and (f) are for specific environment of Aug, 5" in 1996

Collection @ jeju

24



A 3%

S
.7

’I/O" %)
0‘?’, ) Q

oo

N

;"},\\?}
' !

) £
W A

RITRRO [ X777
%% VS e
RSN
NN XXX
N\ / / Vf\\\ W N%

QR
UK

7
0

‘/ \ ‘,"g» X
NG

XA
2

1 1
Range(km) Range(km)

Fig. 3.11. Acoustic propagation results for source depth 20m. (a) and (b) are ray tracing and
Transmission loss respectively for mean normal salinity environment, (c¢) and (d) are for

mean low salinity environment, (e) and (f) are for specific environment of Aug, 5" in 1996

25

Collection @ jeju



A 3%

4 (a) 70
iy //,,;' !e.:,;\,'.«_v'g,: )
gz Of\'l ‘\"t, c ¥ -

N o,, 6 e C

: % N ' "6;&'(‘\'/' -

o.s 1.5 2

(©) - , (@

Y OIS -
=™ \‘" "y,' X 2&,, = s0
K \’/ V/»;;’ ”

50 "‘\\ §" ’ " /’ \\ -

S f/\v\
A8 0«) A \%
" ’:\.‘! v” ‘ ‘

X LRI
ot 0«\:"&‘/(

1
Range(km)

© f X0 .
20 4 \;:‘\» ”" § '/\\ /"‘, ::
AR -:§:."/ (v?;‘\%!,!:» -
50 \ A\‘ V/‘ \ ::
60 & ' s ‘\ ‘ ‘(' ’ . S 30
70 \ ' 0 v‘ lv A ' A ,‘ ' \ 25
..000“ fAvAA\ NN T 0

Range(km) Range(km)

Fig. 3.12. Acoustic propagation results for source depth 40m. (a) and (b) are ray tracing and
Transmission loss respectively for mean normal salinity environment, (c¢) and (d) are for

mean low salinity environment, (e) and (f) are for specific environment of Aug, 5" in 1996

26

Collection @ jeju



1

°
=
=

.
A
Al

o]

-

R

Al 4 %

A

3

191 © 1 (Fig.2.3)

S

4
A A 2 Zof A

=

d|

o3

O]

o) WEA 44 H
9
24

Lot 7]

=

=

sl A

S

=
f
. ]
o] -g-3i

A

O

Bkt o A

D=

i
}\EL

= wr} A
)

R

&

S

o

7 sk

1 3}

AL
=

l

°©

7] wEol vk whEkA ol Aol M

stAl 71FHAE 1996 8 Ee ARE olF

PN
T

Fgick ey, oleld Al

1

S
&
=

& Eoh AHA

|

k

[e)
Al (A 313-08, B: 313-07, C: 314-10 5H)elA 1980 FHE 2009 @7}A]

A
_]

A
=

3o
5]
2

i

S
T
Bh

b

o
T

Al
0 =2

<
T

el A 9

Hele] 20 A

3|

ojgall FAT AT MF

°o]-&

=

191 Ch(Fig.2.3, Fig.2.4).
Pl

°©

°©

ZA}

i
3R
;QO
28

27

Collection @ jeju



=

=

A 47
A]

=

R

sAidel A =3l

3=
ar

Eha

=
T

v}

o] Hd A

o E o oop T o T o WO SRR O
%E%@ﬂﬂﬂu% @ = k2 o WEMWMWW
W OM X wOE p_o_ou o Wu Aww_ - 3 ..rm@ = N o
T _ X ; =
S Ta..t LF2t AR
mﬁ ) %%Nuﬂ I GG L o
mw &) O - M M_UM T ROy Mo M T mu_m "
i N Gl - TH oo
VA v o % J o ™
ﬂéa7uf?ﬂaw ™ oo o_mo_awal
S L TR N S S g4 o4 5 A
"o
1 I Hor - ol ﬂﬂ_lm N _Mm_lol 4r M op MM G+ oz
T o w o TR A ° o g O
- Mo = K ﬁn A & odp BT o 0| T ma = T
{ To X N WL w —1x X o oV
Hﬁﬂﬁwoﬂwqﬂwxﬁ%awe_aﬂ — = g %ﬂﬂﬂu
o S TR < o < o s SIS
03 <° oﬁ A= - N Mo FON w IR _/*ﬂ T N N ﬂ__ mUﬂ
T o) —_— — = T N
G T R oo Folg T F -
ML EmE AR ey 5 Roaowg Xog X
N o K —~ KON o o) B
R w ) B ~ e I 5 A
< B oo - ~ S o] N T W ” Nz =onoo
A T S A S = )
% gl 3 T o] E.W T P MM ojn = KO - J)J - T ‘W o
iy ) 0 ° - = —_
W%ﬂﬁﬁm“ﬂﬂﬂowgﬂ@ LeEn R
Njo xR ~ X N o= TN o
R L D BT
lany — N r X w0 = O
- o N g9 w4
xvZIEoz o EREES SR
| S 0 = T
thal ‘._t ;meo No i_v ;ﬂmM S ZE O_L T ‘._t 1:_A| éo { OTv
. _— —_ < ~ -
N Y I ol v BN AL = 1 R 1 op % 5 Mo " o W=
= Bomos TR = = # o
B ®mw® o o ® ool e T 7 on o g °
Wwool W E YN Moo o W W ~ ok T T W W
TR TG o Mo N Mo N T o oHour oM o=

28

Collection @ jeju



Al 4 %

Fig. 4.1. Schematic diagram for ray spreading in SSC (Surface Sound Channel) (right)
with SSP(Sound Speed Profile) (left). ¢y is minimum sound speed within channel
which is called as channel axis, and h is the depth of channel border and and c;, is the

sound speed at h. The sound rays leaving a source are trapped in SSC within angle y .
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Fig. 4.5. Temperature-Salinity (T-S) gradient diagram with varying temperature (15°C to

30°C) where the gradient of sound speed profile is zero.
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Fig. 4.7. Temperature, salinity and sound speed profiles with depth measured

on Aug. 15, 1993. Profiles from surface to 40m depth are shown for

convenience. (solid line: site A, dashdot line: site B, dashed line: site C)
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Fig. 4.8. T-S gradient diagram for three sites on Aug. 15, 1993 at three sites indicated in
Fig.2.3 (dashed line: averaged threshold line, circle: site A, triangle: site B, square: site C)
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Fig. 4.9. Temperature, salinity and sound speed profiles with depth measured on Aug. 12,
2003. Profiles from surface to 40m depth are shown for convenience. (solid line: site A,

dashdot line: site B, dashed line: site C)
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Fig. 4.10. T-S gradient diagram for three sites on Aug. 12, 2003 at three sites indicated in
Fig.2.3. (dashed line: averaged threshold line, circle: site A, triangle: site B, square: site C)
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Fig. 4.11. Temperature, salinity and sound speed profiles with depth measured on Aug. 12,
2003. Profiles from surface to 40m depth are shown for convenience. (solid line: site A,

dashdot line: site B, dashed line: site C)
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Fig. 4.12. T-S gradient diagram for three sites on Aug. 12, 2003 at three sites indicated in
Fig.2.3. (dashed line: averaged threshold line, circle: site A, triangle: site B, square: site C)
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Fig. 4.13. Ray tracing result for site A on Aug. 12, 2003. (Channel depth:10m, critical angle
of ray: 4.47°)
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Fig. 4.14. Ray tracing result for site B on Aug. 12, 2003. (Channel depth:5m, critical angle of
ray: 2.94°)
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Fig. 4.15. Ray tracing for site C on Aug. 12, 2003 (No surface channel).
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Fig. 4.16. Data analysis results for JNU data of 20 sites. Channel depth (top), salinity of

ocean surface (middle, dashed line: 30psu), critical angle of ray (bottom)
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30 : 30 L 30l L. 5
10 20 3020 25 30 35 1500 1520 1540

Temporature Salinity Sound Speed

Fig. 4.17. Temperature, salinity and sound speed profiles with depth measured on Aug. 1,
2009 at B4. Profiles from surface to 30m depth are shown for convenience. Each profile

shows temperature (left), salinity (middle) and sound speed (right)

T-S Gradient Diagram
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Fig. 4.18. T-S gradient diagram from profiles of Fig.2.4 measured on Aug. 1, 2010 at B4.
(dotted line: threshold line for temperature on surface, dashed line: threshold line for 10m
depth, circle: gradients of temperature and salinity value with depth from surface to 10 m for

every 1 m)

44

@ jeju



Al 4 %

30

1] 0
....................... 5 5‘ —
| e nend s 101} NET ] — ............ 4
............ 15 15 4
d20L--- ........ {20 4
....................... _25 .125 .

Salinity

: 30 : ! 30 i :
10 20 3020 25 30 35 1500 1520
Temporature

Sound Speed

1544

Fig. 4.19. Temperature, salinity and sound speed profiles with depth measured on Aug. 1,

2009 at C4. Profiles from surface to 30m depth are shown for convenience. Each profile

shows temperature (left), salinity (middle) and sound speed (right)
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Fig. 4.20. T-S gradient diagram result from profiles of Fig.2.4 measured on Aug. 1, 2010 at

C4. (dotted line: threshold line for temperature on surface, dashed line: threshold line for

10m depth, circle: gradients of temperature and salinity with depth from surface to 10 m

every 1 m)
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Temporature Salinity Sound Speed

Fig. 4.21. Temperature, salinity and sound speed profiles with depth measured on
Aug.1.2009 at D4. Only profiles from surface to 30m depth are shown for convenience. Each
profile shows temperature (left), salinity (middle) and sound speed (right)
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Fig. 4.22. T-S gradient diagram result from profiles of Fig.2.4 measured on Aug.1.2010 at
D4. (dotted line: threshold line for temperature on surface, dashed line: threshold line for
10m depth, circle: gradienst of temperature and salinity with depth from surface to 10 m

every 1 m)
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Fig. 4.23. Ray tracing for site B4 on Aug. 1, 2010. (No surface channel).
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Fig. 4.24. Ray tracing for site C4 on Aug. 1, 2010. (Channel depth:8m, critical angle of ray:
2.04%)
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Fig. 4.25. Ray tracing for site C4 on Aug. 1, 2010. (Channel depth:6m, critical angle of ray:
3.41%)
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Fig. 5.1. Transmission loss with depth and range for source frequency 1.5kHz (top),

3.0kHz (middle), 4.5kHz (bottom) in mean low salinity environment
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i s‘@l Sé‘jﬁ\ depth and range for source frequency 1.5kHz (top),
3.0kHz (middle), 4.5kHz {botfom) on Aug. 5™, 1996.



A 5%

Hop AR FAS fE Ags FAd wE AdEeEds SRR
Sk}, Fig5.3 ¥} Fighs.5 & Ha 3747 1996 d 8 € 5 42 54 3m oA Ag e

e A2 £4¢ dehla gtk 94 AARsTt et B 955 ARE

A¥E &7 JEY ®HW Figsd ¢ 2ok 357 AR g2 FHa vt
WA= A7 o2 A YERg L 1oy 7.8km oA 10km Ato]o] AiE B
°F 2~5dB AEY Hlo]lZE Fu7t w2 45kHz o] A7} 1.5kHz ©f B]3)

d

AeEdo] YA et St

1996 84 542 B Hup FIE Aol& Q1 = Qlrk 10km B il
AN S FI7E 3.0kHz Q1 B 1L5kHz Q1 Agel vl 4
3m oA 2] e EAHo] oF 10dBd °]Y 2 e HITthFigs.5). =3k7F A ™
HIAbEo = Q1gh oy &4 glo] dFFox Aisiva 7M. e
7] &kt A3k (geometric  spreading)E  °|EF o AAtstel FAHo=R
EASFSITH29). =98 F3k7 1.5kHz (F1g55(a))4 A5 A &) 7)5ketA
Aupe] dg EAdng w27 YEds 2ol vlsl 3.0kHz = 4.5kHz ©
7d-F+(Fig5.5(b),(c)) A &AL 7sterd Aapz gk ddEAd 7o FARsH
A3E wola ledH ol AAY Ae AAW RAF so®m Qg oA

9o FAel el 24 shob &b AW ek &RHow 2HY WEQ

51

Collection @ jeju



A 5%

TL(dB)

TL(dB)

TL(dB)

Range(km)

Fig. 5.3. Transmission loss with range at 3m depth in mean low salinity environment (top):
1.5kHz, (middle): 3.0kHz, (bottom): 4.5kHz
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Fig. 5.4. Comparison of transmission loss with 1.5kHz and 4.5kHz of source frequency.
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Fig. 5.5. Transmission loss with range at 3m depth on Aug. 5", 1996 (top): 1.5kHz, (middle):
3.0kHz, (bottom): 4.5kHz, with geometric spreading loss(dashed lines)
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Fig. 5.6. Transmission loss with depth at range of 6 km from a source for mean low salinity

environment. Frequencies are (left) 1.5 kHz, (middle) 3.0 kHz and (right) 4.5 kHz
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Fig. 5.7. Transmission loss with depth at range of 8 km from a source for mean low salinity

environment. Frequencies are (left) 1.5 kHz, (middle) 3.0 kHz and (right) 4.5 kHz
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Fig. 5.8. Transmission loss with depth at range of 6 km from a source for case of 1996.
Frequencies are (left) 1.5 kHz, (middle) 3.0 kHz and (right) 4.5 kHz
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Fig. 5.9. Transmission loss with depth at range of 8 km from a source for case of 1996.
Frequencies are (left) 1.5 kHz, (middle) 3.0 kHz and (right) 4.5 kHz
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Fig. 5.10. Transmission loss versus frequency in surface sound channel at range of 6km

(triangle), 12km (star) and 18km(circle) from a source for mean low salinity environment.
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Fig. 5.11. Transmission loss versus frequency in surface sound channel at range of 6km

(triangle), 12km (star) and 18km(circle) from a source for case of 1996.
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Fig. 5.12. Revised transmission loss in terms of attenuation coefficient versus source

frequency in surface sound channel at range of 6km (triangle), 12km (star) and

18km(circle) from a source.
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Fig. 5.13. Diagram of ocean sea-bed and SSPs (sound speed profiles) for D4(left),
middle(C4) and B4(right).
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Fig. 5.14. Transmission loss for range dependent environment. Source is located in D4 at Sm
depth and the sound is propagated toward B4. The sound energy is propagated through the

surface channel.
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Fig. 5.15. TL(Transmission Loss) with range at 5Sm depth. Source is located in D4 at 5m
depth and the sound is propagated toward B4. There is a drastic increase of TL at 19km

where the surface sound channel is disappeared due to change of sound speed profile.
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Fig. 5.16. TL(Transmission Loss) with depth at (a) 8km, (b) 16km and (c) 24km. Source is
located in D4 at 5m depth and the sound is propagated toward B4.
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Fig. 5.17. TL (Transmission Loss) for range dependent environment. Source is located in B4

at Sm depth and the sound is propagated toward D4.

65

Collection @ jeju



A 5%

TL(dB)

-100¢

-120

o 5 10 15 20 25
Range(km)

Fig. 5.18. TL(Transmission Loss) with range at Sm depth. Source is located in B4 at 5m
depth and the sound is propagated toward D4.
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Fig. 5.19. TL(Transmission Loss) with depth at (a) 8km, (b) 16km and (c) 24km. Source is
located in B4 at 5m depth and the sound is propagated toward D4.
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Fig. 5.20. Diurnal variation of temperature and salinity profiles with average and standard
deviation values (errorbars). (a) site ACAM10 Jul 27" to AM11 28™ 2009), (b) site B(PMO1
Jul 27" to PMO02 28" 2009), respectively

(b)
0 0 _ . F
10 10 ........... ......... - = p—
20k 20k ......... .......... J
_30 30 ............ ........... ...........
£ 40t SruR i |
£ 40; 5 5
o 50 ............ S L
3 50 -
60... ..... ........... ...........
60 5 5
?’0_.. ........ ........... .......... i
701 B0 oo Moo ........... ...........
80+ S  — D ook . ‘ ___________ — |
1500 1510 1520 1530 1540 1500 1510 1520 1530 1540
Sound Speed{m/s) Sound Speed{m/s)

Fig. 5.21. Diurnal variation of SSP with average and standard deviation values(error bars).
(a) site ACAM10 Jul 27" to AM11 28™ 2009), (b) site B(PMO01 Jul 27" to PM02 28™ 2009).
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Fig. 5.22. Maximum and minimum profiles of two sites. (a) measured temperature profiles at

site A(Min.: triangle, 11 am with Max.: star, 10 pm) (b) measured normal salinity profiles

(Min.: dashed , Max.: solid) and assumed low salinity profiles(Min.: star, Max.: triangle) at

site A, (c) measured temperature profiles at site B(Min.: triangle, 03 am with Max.: star, 08

pm), (d) measured normal salinity profiles (Min.: dashed , Max.: solid) and assumed low

salinity profiles(Min.: star. Max.: triangle).
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Fig. 5.23. Maximum and minimum SSPs at two sites. (a) Max. and Min. SSPs at site A with

low salinity effect, (b) Max. and Min. SSPs at site B with low salinity effect
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Fig. 5.24. Diurnal variation of TL(Transmission Loss) in site A(2009.7.27-28) where source
depth is 5m. Minimum (a) and maximum temperature (b) at thermocline with normal salinity.
The same temperature profile (Min. (c) and Max. (d) at thermocline) with assumed low

salinity environment.
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Fig. 5.25. Diurnal variation of TL(Transmission Loss) in site A(2009.7.27-28) where source
depth is 20m. Minimum (a) and maximum temperature (b) at thermocline with normal
salinity. The same temperature profile (Min. (c¢) and Max. (d) at thermocline) with assumed

low salinity environment.
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Fig. 5.26. Diurnal variation of TL(Transmission Loss) in site B(2009.7.27-28) where source
depth is 5m. Maximum (a) and minimum temperature (b) at thermocline with normal salinity.
The same temperature profile (Max. (c) and Min. (d) at thermocline) with assumed low

salinity environment.
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Fig. 5.27. Diurnal variation of TL(Transmission Loss) in site B(2009.7.27-28) where source
depth is 20m. Maximum (a) and minimum temperature (b) at thermocline with normal
salinity. The same temperature profile (Max. (c) and Min. (d) at thermocline) with assumed

low salinity environment.
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Fig. 5.28. TL difference for diurnal variation of ocean in normal salinity environment at Site

A result from subtraction of TL between Fig.5.24(a) and Fig.5.24(b) where source depth is

Sm.
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Fig. 5.29 TL difference for salinity variation of ocean environment at Site A result from

subtraction of TL between Fig.5.24(a) and Fig.5.24(c) where source depth is Sm .
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Fig. 5.30. Mean variation of TL with depth by taking the average of TL difference over
ranges from O to 5 km; diurnal variation (dashed line) and salinity variation (solid line)

where source depth is Sm.
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Fig. 5.31. TL difference for diurnal variation of ocean in normal salinity environment at Site

A result from subtraction of TL between Fig.5.25(a) and Fig.5.25(b) where source depth is
20m .
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Fig. 5.32. TL difference for salinity variation of ocean environment at Site A result from

subtraction of TL between Fig.5.25(a) and Fig.5.25(c) where source depth is 20m .
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Fig. 5.33. Mean variation of TL with depth result from taking the average of TL difference
with range; diurnal variation (dashed line) and salinity variation (solid line) where source

depth is 20m.
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Fig. 5.34. Mean variation of TL with depth in Site A result from taking the average of TL
difference with range; diurnal variation with normal salinity condition (dashed line) and

diurnal variation with low salinity condition (solid line) where source depth is Sm.

Depth(m)

(4] P (4]

o o o
:

(o]
o
T

| R ——

8oL . ......... |. ............... : ! : : |
-i0 8 6 4 -2 0 2 4 6 8 10
Mean Variation(dB)

Fig. 5.35. Mean variation of TL with depth in Site A result from taking the average of TL
difference with range; diurnal variation with normal salinity condition (dashed line) and

diurnal variation with low salinity condition (solid line) where source depth is 20m.
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Fig. 5.36. Mean variation of TL with depth in Site B result from taking the average of TL

difference with range for each depth; diurnal variation with normal salinity condition

(dashed line) and diurnal variation with low salinity condition (solid line) where source

depth is Sm.
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Fig. 5.37. Mean variation of TL with depth in Site B result from taking the average of TL

difference with range for each depth; diurnal variation with normal salinity condition

(dashed line) and diurnal variation with low salinity condition (solid line) where source

depth is 20m.
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